Physical exercise is responsible for alterations in various blood parameters (KIENZLE et al., 2006) . Biochemical (TOLEDO et al., 2001) , hydroelectrolytic (DI FILIPPO et al., 2009; , hormonal and metabolic (NOLETO et al., 2016) changes have been described in horses submitted to exercise of different intensities and durations. These changes occur as the organism attempts to adapt and supply the increased metabolic demand triggered by physical effort (PICCIONE et al., 2007) and are under most circumstances considered beneficial to the animal. However, physical exertion, when overly exhaustive or without proper training, can induce severe organic alterations, especially when the different tissues, organs or systems are not sufficiently adapted to support the different types of overload required of them without causing large changes in homeostasis (OGONOVSZKY et al., 2005 
INTRODUTION
Physical exercise is responsible for alterations in various blood parameters (KIENZLE et al., 2006) . Biochemical (TOLEDO et al., 2001) , hydroelectrolytic (DI FILIPPO et al., 2009; , hormonal and metabolic (NOLETO et al., 2016) changes have been described in horses submitted to exercise of different intensities and durations. These changes occur as the organism attempts to adapt and supply the increased metabolic demand triggered by physical effort (PICCIONE et al., 2007) and are under most circumstances considered beneficial to the animal. However, physical exertion, when overly exhaustive or without proper training, can induce severe organic alterations, especially when the different tissues, organs or systems are not sufficiently adapted to support the different types of overload required of them without causing large changes in homeostasis (OGONOVSZKY et al., 2005 Lack of physical conditioning can be responsible for high serum concentrations of haptoglobin observed in horses after long-distance competitions (CYWINSKA et al., 2010) . The persistence of the sharp increase in the enzymatic activity of CK and LDH has also been associated with lack of proper physical preparation of horses submitted to endurance competitions. Finally, declassification of horses during endurance riding events covering 100km was associated with severe depletion of K + ions (ROSE et al., 1980) . In Brazil, the long distance transport (cavalcade) has in recent years become an important equestrian competition. In cavalcades, participation of horses of different breeds are common (MANSO FILHO et al., 2012) . Participation of the Mangalarga Marchador breed in these events stands out due to these horses' rusticity and particularly their more comfortable marcha instead of trotting gait. However, the effects of cavalcade exercise on these animals are still unknown. The objective of this study was to investigate the effect of the physical effort of cavalcades covering 4km, 8km and 20km on the acidbase and hydroelectrolytic balance in Mangalarga Marchador horses.
MATERIALS AND METHODS
The study involved 15 healthy Mangalarga Marchador geldings (age 6.2±1.2 years, weight 420±58kg). Horses were distributed in three different groups according to the distance covered, namely, G4 (4km, 15km h -1 ), G8 (8km, 12km h -1 ), and G20 (20km, 12km h -1 ). All horses included in the study were privately owned and were prepared to participate in cavalcade by owners. These horses were trained two to four times a week for 30-60min for more than three months.
Before the cavalcade, horses underwent a complete clinical examination. Body temperature, heart rate, and respiratory rate were recorded, and cardiac and pulmonary auscultation was carried out. Horses included had a normal clinical examination, and complete blood count, and biochemical parameters were performed.
Data were collected at a cavalcade held in Campos dos Goytacazes, Rio de Janeiro, Brazil on February 8, 2010 (20º48'21"S, 40º38'52"W, altitude 13m a.s.l.). The previously marked had a length of 20km, and was taken in a single day, without rest. Mean environmental temperature was 30.7ºC and relative humidity was 79.3%. Animals started the course together, but stopped after the predetermined distance according to the group. These weather indices were obtained from the agrometeorology database of the Center for Science and Technology of Norte Fluminense State University (CCT/UENF).
Blood samples (7mL) were obtained in heparinized syringes from the jugular vein of each horse before the cavalcade (T0) and immediately after reaching the predetermined distance (T1). After collection, samples were immediately stored in ice and then analyzed with a portable clinical analyzer (I-Stat ® Analyzer, Abbot Point of Care Inc., East Windsor, New Jersey, USA, with CG4 + and CG8 + cartridges) to determine the following variables: pH, partial pressure of carbon dioxide (pCO 2 ), partial pressure of oxygen (pO 2 ), bicarbonate ion (HCO 3 -), base excess (BE), lactate, hematocrit (Hct) and concentrations of sodium (Na+), potassium (K+) and chloride (Cl-). Blood pH measurements (pH, pO2, and pCO2) were corrected according to the rectal body temperature.
The experimental design was completely randomized and represented by the statistical model: Y ij =µ + α j + e ij , where Y ij =variables analyzed in the i-th animal over the j-th distance; µ=general average; α j =j-th distance; and e ij = random error, assuming a normal and uniform distribution N~(0,δ 2 ). We tested the basic requirements for analysis of variance (normality and homoscedasticity) and analyzed the variables as repeated measures in time using the SAS program. Results are presented as mean ± standard deviation. After the analysis of variance, the variables were submitted to the Tukey test. In all cases P-values ≤0.05 were considered significant.
RESULTS AND DISCUSSION
All horses from G4, G8, and G20 managed to complete the cavalcade without abnormal signs. Increases in the pH values of the animals in G20 were associated with loss of chloride ions in the sweat (Table 2 ). Because of the body's need to restore the balance of negative charges, the loss of chlorine ions in the sweat results in retention of the second most abundant ions in the organism, bicarbonate ions (HCO 3 -). In turn, the excess of and SILVA et al. (2013) , studying Quarter horses participating in barrel races, observed metabolic acidosis. According to both groups of authors, the metabolic alteration was due to the diffusion of H + and lactate ions produced by the muscle cells to the bloodstream. The energy demands of muscle cells under moderate to high intensity exercises, unlike in cavalcade and endurance events, is maintained predominantly by anaerobic metabolism of glucose, resulting in buildup of H + and lactate ions in the muscle cells with consequent development of blood acidemia. According to AGUILERA-TEJERO et al. (2000) , consumption of HCO 3 -in the process of lactic acid buffering, caused by anaerobic metabolism, also contributed to blood acidemia.
The main organs involved in regulating the acid-base balance are lungs and kidneys. Through changes in the blood pH, the respiratory compensations occur almost immediately, altering the pCO 2 (ROBINSON, 2004) . Nevertheless, compensatory respiratory response only allows the correction of slight disturbances and occurs for a brief period. Over the long run, regulation of acid-base balance requires excretion of H + ions and retention of bicarbonate ions by the kidneys, as described by FETTMAN (2004) . ------------------------------------Times----------------------------------- 
-------------------------------------------G4, 4km; G8, 8km; G20, 20km-------------------------------------------
Means followed by different capital letters in rows differ significantly between times (Tukey test at P<0.05); Means followed by different lowercase letters in columns differ significantly between groups (Tukey test at P<0.05).
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In line with these findings, the results in table 1 show changes in pCO 2 and pO 2 post-cavalcade of 20km (G3); however, the differences were statistically significant (P>0.05). These findings indicated respiratory acidosis, which added to metabolic alteration, is called metabolic alkalosis with respiratory compensation. That respiratory modification is common in sporting animals when faced with metabolic alkalosis (DI FILIPPO et al., 2009) , and is a reflection of the animals' organic health.
No significant increase was observed in the lactate concentrations of the animals in the three groups (P>0.05). These results differ from those reported in Quarter horses after barrel racing (SILVA et al., 2013) and team roping competition (CAIADO et al., 2011) . Sharp increase in the lactate concentration in these two events was associated with metabolic demands of high-intensity effort, predominantly anaerobic. Lactate is considered a valuable substrate, with a significant role in producing energy for the myocardium, non-contracting muscles and even the brain (PÖSÖ, 2002) . After the end of physical exertion (the period when O 2 level is low), the lactate produced by the anaerobic metabolism is converted into glucose by the liver. In this way, lactate is removed from the bloodstream, serving as a beneficial energy substrate instead of acidifying the blood (WASSERMAN et al., 1991) . Finally, the increase in the lactate values is expected after any type of exercise, because all the energy sources are activated (McGOWAN, 2008) . However, this increase depends mainly on the intensity and duration of the physical effort (PÖSÖ, 2002) . Based on these findings and the results of this study, the lactate values observed after the competition indicated that cavalcade exercise is not physically very demanding of the animals and allowed the organism to metabolize the lactate produced.
Increase in the hematocrit values presented by the animals of G20 after cavalcade was attributed to hemoconcentration resulting from loss of liquids from sweating, water losses from hyperventilation and passage of water from the dilated vascular bed to the hyperosmotic muscle in action (JOHNSON, 1995) . Hemoconcentration can also be associated with the larger entry of erythrocytes in the bloodstream as a result of spleen contraction, a common reaction in horses. According to BABUSCI & LÓPEZ (2007) , spleen has capacity to store about 50% of the volume of erythrocytes in the body and its contraction can raise the hematocrit level from between 32 and 42% at rest to between 60 and 70% during exercise. The release of these erythrocytes into the bloodstream can be related to the level of stress generated by exercise, 
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Hematocrit ( responsible for releasing adrenaline, which acts on the deposits of erythrocytes in the spleen, inducing their release (McGOWAN, 2008) .
Higher Hct values observed in horses after cavalcade competition of 20km were similar to the results reported in Mangalarga Marchador horses after official marcha tests and in many other studies of horses of different breeds involved in a variety of equestrian competitions (SNOW et al., 1982; KOWAL et al., 2006) .
Increase in Na + concentration observed in the horses of G20 after cavalcade was similar to that detected in other investigation during endurance competitions of 60km (DI FILIPPO et al., 2009 ) and 80km (SNOW et al., 1982) . According to FERRAZ et al. (2010) , a possible mechanism to explain the elevation of serum concentrations of sodium is the exchange of ions and water that occurs between the active and inactive muscles. Dehydration increases the renal reabsorption of sodium so as to maintain the osmotic balance (MARTINS et al., 2005) . However, the sodium levels of Arabian and Pantaneiro horses declined after a cavalcade competition covering 62km (MARTINS et al., 2004) . The authors associated this result with the loss of sodium from sweating. Finally, Mangalarga Marchador horses submitted to marcha tests (FOLADOR et al., 2014; , did not show changes in sodium levels. According to the authors, the concentrations of sodium remained relatively normal because an equivalent volume of fluid was lost and because marcha exercise has shorter duration and slower speed than endurance exercise (such as cavalcade).
The concentration of K + in the blood declined after the cavalcade in the animals of G3. In another study, similar findings were associated with the loss of this element in the sweat and renal reabsorption of sodium at the cost of excretion of potassium and hydrogen ions (MARTINS et al., 2005) . DI FILIPPO et al. (2009) also reported that Arabian horses showed lower serum concentration of K + after an endurance competition of 60km. Losses of potassium during exercise have a significant influence on horses' performance (SNOW et al., 1982) . Reduction of levels of K + can result in weakness, reduced intestinal motility, paralytic ileum and even alterations in the electrocardiographic trace (DAY, 2002) .
CONCLUSION
Physical exertion during cavalcade competition promoted hydroelectrolytic and acidbase imbalances in Mangalarga Marchador horses after concluding a course with length of 20km.
Metabolic alkalosis triggered was due to the loss of Cl -ions in the sweat and consequent increase in bicarbonate retention by the kidneys. In turn, courses of 4 and 8km did not cause hydroelectrolytic or acidbase imbalance in Mangalarga Marchador horses.
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